Objectives: While critical value procedures have been adopted in most areas of the clinical laboratory, their use in transfusion medicine has not been reviewed in detail. The results of this study present a comprehensive overview of critical value reporting and communication practices in transfusion medicine in the United States.
sponsible physician when test results were at such a variance from normal as to be life threatening without prompt treatment. Critical value reporting was quickly introduced into the clinical laboratory workflow and has become ubiquitous throughout chemistry, hematology, and microbiology. Critical value reporting has since expanded into areas with qualitative or interpretive results such as surgical pathology, cytopathology, and diagnostic imaging. 2, 3 Transfusion medicine has been on the frontline of developing quality systems and improving patient safety for decades, but the application of critical value
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reporting in this area of the clinical laboratory remains largely unexamined. Rapid communication of results continues to be a focal point for improved patient safety and reduction of medical errors. [4] [5] [6] Errors in reporting laboratory results may delay appropriate treatment and compromise patient safety. 4 Legal actions against the laboratory have resulted from inadequate or poor communication, including failure to telephone a critical value result. 7 Transfusion is not risk free and can in rare cases cause both infectious and noninfectious complications. As transfusion is one of the most commonly performed procedures during a hospital stay, 8 effective communication of blood bank results undoubtedly plays a key role in patient blood management and clinical outcomes. The Joint Commission addresses critical value reporting in the National Patient Safety Goals for Laboratory Services to improve patient care by ensuring effective communication. 9 Critical value reporting is included in the Clinical Laboratory Improvement Amendments of 1988, which require that critical values be addressed in a laboratory procedure manual as well as immediately alerting the requesting individual. 10 The College of American Pathologists (CAP) addresses critical value reporting as part of several accreditation checklists-most important, specifying that laboratories have a procedure for immediate physician notification of critical results, how records of the notification should be maintained, and when results are communicated verbally, there should be policy for readback of the critical results by the notified individual.
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Critical value reporting is not a component of the AABB Standards for Blood Banks and Transfusion Services. 12 Despite a federal mandate regarding the implementation of critical value procedures, no single regulatory authority recommends which tests should be included and the values that should be considered critical. This has prompted publications of surveys and commentaries that allow facilities to compare their current practices. [13] [14] [15] While critical values in transfusion medicine have been mentioned, they have not been examined with the same level of detail.
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Lundberg's definition 1 of a critical value requires a result that may be life threatening unless immediate action is taken. This level of acuity may not apply to most blood bank results. 14, 19 However, more recent definitions of critical values include results that may require rapid clinical attention to avert significant patient morbidity or mortality 11 or results for which delays in reporting can result in serious adverse outcomes. 20 It has been proposed to expand communication of results in a tiered or prioritized manner with results classified as critical, vital, or noncritical. 13, 20, 21 Vital results have been described as those that could be life threatening or benefit from rapid detection and evaluation but do not constitute a medical crisis in which action must take place immediately. 13, 21, 22 This description may be more applicable to blood bank results and scenarios that are often qualitative and require interpretation, usually in the context of other laboratory results, to determine the risk to the patient. The three goals of this study include the determination of the prevalence of critical value procedures for tests performed in the blood bank among US facilities, the identification of specific blood bank results that are considered critical in nature, and the inquiry into specific results that may require rapid communication but are not considered critical. We hypothesized that rapid communication of results from the blood bank may be occurring in facilities without a specific procedure for critical value reporting; thus, we reasoned that the phenomena of rapidly communicated results warranted investigation.
Materials and Methods

Survey Development
A web-based survey was developed using the Research Data Electronic Capture platform. 23 All survey responses were confidential and not linked to the participant or his or her facility. Survey questions were multiple choice with directions to choose the best answer or all that apply and programmed to require an answer to reduce missing responses or submission of partial records. The Vanderbilt University Medical Center institutional review board-approved survey was reviewed for clarity of wording, ease of use, and overall design by two transfusion medicine professionals not involved in the project.
Web-Based Survey
Participants were presented with two definitions at the start of the survey-these were provided to reduce confusion given the lack of agreed-upon terminology for the situations we wished to describe. A critical value was defined as "results that may require rapid clinical attention, and is defined by a facility standard operating procedure (SOP) as critical." A rapidly communicated result was defined as "communication or notification of results by telephone, electronic alert or FAX, usually within one hour of discovery, but not defined in a facility SOP as a critical value."
Question pathways for participants with and without a critical value procedure proceeded in a similar manner, and branching logic was used to reduce unnecessary questions Figure 1 . Participants were first asked whether their facility had a critical value procedure for tests performed in the blood bank. If so, participants were presented with a list of 23 blood bank results and scenarios developed by an expert panel Table 1 and were instructed to select whether, at their facility, these results met the defined criteria of a critical value. Participants were asked to select the personnel receiving the initial communication of the result, who is primarily responsible for communicating results, and how communication is documented. After this section was completed, participants were again presented with the list of the 23 blood bank results and scenarios Table 1 but this time were prompted to select results that met criteria to be classified as a rapidly communicated result. A lack of selection in either of the aforementioned options was taken to mean that the test result in question did not meet criteria to be defined as either a critical value or a rapidly communicated result.
A free-text box allowed participants to share results not mentioned in the survey list. Participants were asked to provide optional demographic information consisting of facility type, location, size, and inspection and/or accreditation status as well as their role in the blood bank.
Participants who reported that their facility did not have a critical value procedure for tests performed in the blood bank were asked if any of the 23 blood bank results and scenarios Table 1 could be classified as a rapidly communicated result. They were then led through the communication, freetext, and optional demographics questions as previously described.
Recruitment of Participants
A list of potential participants was created from a collaborative effort of professional networking, querying the AABB member directory, and reviewing facility-specific webpages. The AABB HUB was also used in an effort to recruit participants in regional and community facilities that may not have webpages listing points of contact for blood bank personnel. 24 Points of contact included medical directors, blood bank managers/supervisors, technical specialists, and bench technologists. If participants felt they were not the proper person to complete the survey, they were asked to provide contact information for an appropriate person at their facility.
Data Collection and Analysis
The survey was distributed via email in March 2016 with a 3-week window period for completion. Data analysis Has your facility discussed developing a critical value procedure for tests performed in the blood bank? Figure 1 Flowchart of the questions in our web-based survey. There are two pathways segregating participants in US facilities with a critical value procedure for tests performed in the blood bank (left arm) from participants in US facilities without a critical value procedure (right arm). Participants with a critical value procedure (left arm) were presented with the survey list of 23 blood bank results and scenarios Table 1 and the follow-up questions twice: first, to respond about results that are defined as a critical value and, second, to respond about results that are defined as a rapidly communicated result. Participants without a critical value procedure (right arm) were presented with the survey list Table 1 and the follow-up questions just once, to respond about results that are defined as a rapidly communicated result.
was performed in both Microsoft Excel (Microsoft Corporation, Redmond, WA) and SAS software (SAS Institute, Cary, NC).
Results
Surveys were distributed to 208 US facilities, and 123 completed responses were received for a 59% response rate. Thirty-four US states, the District of Columbia, and five overseas US military bases were represented. From the optional demographic questions, participants reported their roles as blood bank manager/supervisor (84/122, 69%), medical director (20/122, 16%), bench technologist (12/122, 10%), and technical specialist (6/122, 5%).
Characteristics of participating facilities, such as type, location, size, and inspection/accreditation status, were collated Table 2 . Since the demographic questions were not programmed to require an answer, some participants did not respond. Those records were not included in any analysis involving demographic data.
Prevalence of Critical Value Procedures
Of the 123 completed survey responses, 84 (68.3%) facilities indicated use of a critical value procedure for tests performed in the blood bank. critical value procedure have either not considered (61.5%) or decided against (25.6%) implementing a critical value procedure (data not shown). CAP accreditation was identified as a significant factor in facilities with a critical value procedure (P < .01). Each of the 23 blood bank results and scenarios in the survey list was selected as a critical value or a rapidly communicated result at least once. The mean number of results selected was 11 (range, 1-22). Sixty-five (77.4%) of 84 facilities with a critical value procedure selected additional results that are rapidly communicated. Despite their mutual exclusivity as defined at the beginning of the survey, 13 participants marked at least one result as both a critical value and a rapidly communicated result at their facility; all results from these records were included in the data set.
Reporting of Blood Bank Results
We stratified the 23 defined blood bank results and scenarios into three subgroups Table 1 : critical values for facilities with a critical value procedure (CV þ P), rapidly communicated results for facilities with a critical value procedure (RC þ P), and rapidly communicated results for facilities without a critical value procedure (RC-P). Nine of the 23 blood bank results and scenarios were selected as either a critical value or a result requiring rapid communication by more than 70% of facilities.
Eighty-seven percent of survey responses indicated the person performing the test is primarily responsible for communicating the result, followed by laboratory/blood bank physician (9.0%) and the blood bank manager/supervisor (3.7%). Laboratory client services, call centers, or automated electronic notification systems were not identified as a primary method for communicating results in any facility.
The combinations of personnel receiving initial communication of results were variable and dependent on the complexity of the result. Overall, 30% of results were initially communicated to two individuals and 22% to three or more individuals Table 3 . Patient caregivers, defined as a physician or nurse, were the most frequently reported individual who received initial communication of results and were included in more than 76% of the reported combinations. The laboratory/blood bank physician was reported as receiving initial communication of results in more than 56% of all combinations and was the sole recipient of results in nearly 15% of combinations.
Documentation of Communicated Results
The communication of results was documented for all CV þ P results Table 4 in the patient medical record, blood bank records, or both. Communication was documented for 92.3% of RC þ P results and 79.5% of RC-P results.
Additional Results From Survey Participants
Forty-seven responses were submitted using the freetext box, where participants had the opportunity to enter results that were not on the survey list of 23 blood bank results and scenarios. Most were variations of results presented in the survey list. Results that were considered potentially critical by some participants included inventory shortages, switching a Rh-negative patient to Rh-positive blood 
Discussion
Critical value reporting is used in transfusion medicine since 68% of facilities in this study have a critical value procedure for tests performed in the blood bank, with 76% of procedures implemented before 2010. Despite the lack of published evidence concerning the need for or relevance of critical value procedures, transfusion medicine professionals recognized critical value reporting as an opportunity to improve the quality and safety of transfusions.
There is overlap in the types of results communicated by facilities with and without a critical value procedure, which suggests that there is consensus among blood banks concerning which results require rapid communication. The following five most frequently communicated results were identical among CV þ P and RC-P facilities: incompatible crossmatch for RBC units issued as uncrossmatched; delay in finding compatible blood due to clinically significant antibody; transfusion reaction evaluation suggestive of a hemolytic transfusion reaction, bacterial contamination, transfusion-related acute lung injury (TRALI), or other serious adverse event; positive bacterial culture on platelets that were issued; and positive antibody screen with concurrent emergent need for blood. Moreover, the nine results from the survey list that are communicated by more than 70% of all participating facilities address the leading reported causes of transfusion-related fatalities Table 1 . 25 While blood banks have procedures to ensure some form of rapid communication for results, they do not necessarily address the situation by means of a critical value procedure. Eighty-seven percent of facilities that do not have a critical value procedure for tests performed in the blood bank are not actively working on implementing one (data not shown). Blood banks that choose not to use a critical value procedure may do so for a number of reasons. Some may have the impression that blood bank results represent something more akin to vital results, 13, 21, 22 which should be classified differently from critical values or that critical values do not apply since rather than providing test results, products are distributed for transfusion. 19 The nature of blood bank results does not translate easily to clinical practice in part because internal issues such as inventory availability can affect patient care. Critical values from other areas of the clinical laboratory are easily understood and interpreted by patient caregivers, with many leading to immediate changes in patient care. Once they are delivered, the laboratory role is finished. However, many blood bank results are complex and often require additional testing in the laboratory before the options for patient care become known. Rather than a simple delivery of results and the required read-back by the recipient, a discussion of the results between the patient caregiver and the laboratory/blood bank physician may be the most beneficial to quality patient care. While some agencies involved in accrediting or inspecting blood banks have requirements for the creation of a critical value procedure, the blood bank itself chooses which, if any, results will be included in its procedure. Because our survey specifically asked whether a facility had a critical value procedure for tests performed in the blood bank, we did not obtain data for clinical laboratories that maintain a critical value procedure but no blood bank results are included. Therefore, it should not be construed from our data that facilities surveyed are delinquent in maintaining critical value procedures that apply to the entire clinical laboratory. Among specific results and scenarios reported as a critical value, we found the frequency of a few responses particularly compelling given their low predictive value of clinical significance. For example, 27 facilities communicated all positive direct antiglobulin (DAT) results, with 74% (20/27) communicating that result as a critical value despite the fact that a positive DAT can be observed in up to 15% of hospital patients without signs of hemolytic anemia. 26 In addition, all positive antibody screen results were communicated as a critical value in 60% (21/35) of facilities, but without the corresponding antibody identification, the occurrence of a positive antibody screen in itself does not represent a life-threatening situation. With increased sensitivity in screening methods comes increased detection of antibodies that are not clinically significant and positive antibody screen results that may not yield any blood group specificity. 26, 27 Despite the low predictive values of these results overall, depending on the services that a facility is able to provide, it may be entirely reasonable to include them as critical values. Smaller blood banks may not be able to perform the antibody identification on site or may not be able to fulfill the antigen-negative requirement for transfusion without having to order from an outside source. Therefore, at a smaller facility, these results may represent an inability to provide compatible transfusion for a patient and require immediate action for reference testing. Facility size of fewer than 300 beds was not significantly associated with communication of all positive antibody screens as a critical value compared with a rapidly communicated result (P ¼ .51); however, facility size of fewer than 300 beds becomes significant among all facilities that communicate all positive antibody screens, either as a critical value or a rapidly communicated result, compared with those that do not (P ¼ .04). This demonstrates the importance of a blood bank having autonomy to choose which results will be classified as a critical value since clinical significance of a single result can vary due to the patient, the final result interpretation, and the abilities of the blood bank at that facility. AABB and CAP address two situations unique to transfusion medicine that require physician notification, but these situations are not classified as critical values by either agency and do not have the same reporting requirements. It is expected that all participating facilities accredited by either agency would communicate these. If an incompatibility is discovered on an RBC unit issued as uncrossmatched, CAP requires that a responsible physician is notified in a timely manner, 28 and the AABB requires the transfusion service medical director and the recipient's physician be notified immediately of any results that may affect patient safety. 12 Five percent of AABB-or CAP-accredited facilities did not communicate an "incompatible crossmatch discovered on red blood cell units that were issued as emergency uncrossmatched." In addition, 40% of AABB-accredited facilities did not indicate that the result was communicated to both the patient caregiver and the laboratory/ blood bank physician. The second situation in which AABB and CAP require immediate notification is a "Transfusion Reaction Evaluation suggestive of hemolytic transfusion reaction, bacterial contamination, TRALI or other serious event." Among facilities that were either AABB or CAP accredited, 18% did not communicate this information as a critical value or a rapidly communicated result. Verbal communication of laboratory results has been shown to be error prone, 1 ,29 yet more than half of all facilities communicated results to two or more individuals. The second most frequently reported combination involved initially communicating results to three individuals: the patient caregiver, the laboratory/blood bank physician, and the blood bank manager/supervisor. Vacancy rates in the clinical laboratory continue to rise, and the blood bank is one of the departments most affected. 30 The time required to communicate results creates a large workload for laboratory personnel with an average of 6 to 13 minutes required to complete one critical value notification. 15, 31 Careful consideration and strong reasons are needed when requiring personnel to make two or three calls to communicate a single result. Studies have shown success using automated electronic notification systems to alleviate the laboratory workload burden and ensure timelier delivery of results. 20, 32 However, these systems may not satisfy requirements that the critical value was received by the patient caregiver, and the use of these systems for blood bank results is not mentioned. Limitations in this study include biases inherent to survey data as well as sample size. The survey required that a participant have a comprehensive knowledge of the procedures for reporting results at his or her facility while keeping in mind the survey definitions of a critical value, which is interpreted differently among laboratories, and a rapidly communicated result, which is not commonly recognized. Since this is the first study, to our knowledge, of critical value reporting in transfusion medicine, the survey was designed to collect a large amount of information in a very broad manner; therefore, some questions and answer choices may not apply to all blood banks (eg, not knowing how blood banks problem solve preliminary results that require further testing to be performed off site). Although we report that all critical value communications are documented, our survey did not address compliance with the read-back requirement for verbal communication. Future studies could more thoroughly assess the specific practices of blood banks based on hospital size and services offered.
Since most blood banks in this study, with and without a critical value procedure, are communicating results that are most likely to cause an adverse outcome, it is clear that transfusion medicine professionals are aware of the clinical importance of their results. However, there is wide variability in practices most likely due to the complexity of blood bank results, specific abilities of individual facilities, and lack of consensus on critical value reporting by blood bank accrediting agencies.
This study presents a comprehensive and detailed investigation of communication practices in transfusion medicine. Our data and conclusions can be used to compare current practices, guide development of new practices, and prompt further discussion of the role of critical values in transfusion medicine. The views expressed do not necessarily represent the view of the National Institutes of Health, the Department of Health and Human Services, or the U.S. Federal Government.
